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Imitation!



Imita>on	deficit	in	ASD?	

Video	by	Au>sm	Training	Solu>ons	(ATS)	



What	is	the	neural	basis	of	
imita>on?	



Mirror Neurons: Area F5!

Gallese et al. 1996 







Mirror neurons and fMRI!
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Fronto-parietal human mirror 
areas for imitation!
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Iacoboni	et	al.,	1999	
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Neural Architecture for �
Action Representation!

STS!
Provides a visual!
description of!
the action!

PPC!

Provides kinesthetic!
information!

BA44!
Codes the goal!
of the action!

Efference!
Copy!



Human visuo-motor �
mirror neuron system!

Aziz-Zadeh et al., 2006 



IFG	is	essen>al	to	imita>on		
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Heiser et al., 2003 



Is	there	a	deficit	in	the	MNS	in	
Au>sm?	



Imita>on	of	facial	expressions	inside	
fMRI	scanner	



TD>ASD	

Deficit	in	IFG	in	children	with	ASD	
during	facial	imita>on	task	

Dapre3o	et	al.,	2006	

Correla=on	with	symptom	severity	



Deficit	in	IFG	of	MNS	in	children	with	
ASD	

Dapre3o	et	al,	prelim	data	from	40	par;cipants	with	ASD	

Correla>on	with	
impairment	(ADOS)	

TD>ASD	during	
imita>on	task	



Is	there	an	MNS	deficit	in	individuals	
with	imita>on	impairments	in	general	–	

not	only	in	au>sm?	
	



Developmental	Coordina=on	
Disorder	(DCD):		

A	developmental	deficit	in	motor	
learning	



DCD	

•  Disorder	of	motor	learning	
•  Developmental	in	nature,	but	may	con>nue	
through	adulthood	

•  Generally	assessed	by	imita>on	ability	



Par>cipants	

•  28	young	adults,	18-30	years	old,	right-handed	

Group	1:	Developmental	dyspraxia	(n=14)	
–  Stated	history	of	poor	motor	skills,	poor	coordina>on,	
or	“clumsiness”	

–  Below	15	%ile	on	SIPT-A	Postural	Praxis	test	&	BOT-2	
Short	Form	

Group	2:	Typically	developing	(n=14)	
– Age-	and	gender-matched	to	dyspraxia	group	



DCD	study	design	

Imita>on	
	
	
	

Execu>on	
	
	
	

Observa>on	

Motor	planning	



Imita>on	
Typically	developing	(TD)	>	DCD	

Werner	et	al.,	in	prepara>on	

L 	 	 	 	 	 	 	 	p<0.05,	corrected 	 	 	 	 	 	 	R	



Ac>vity	for	imita>on	is	nega>vely	
correlated	with	impairment	(SIPT)	



Reminiscent	of	findings	in		
children	with	ASD	

Dapre3o	et	al,	prelim	data	from	40	par;cipants	with	ASD	

Correla>on	with	
impairment	(ADOS)	

TD>ASD	during	
imita>on	task	



Current	study:		
Compare	social	and	motor	brain	networks	

ASD	vs.	DCD	vs.	TD	



Subjects:	9-15	yo,	right	handed,	English	speaking	
•  ASD	(current	N=	13)		

–  a	clinical	diagnosis	of	ASD	confirmed	by	the	ADOS	and	ADI-R	
–  IQ>80	on	the	WASI-II	
–  The	Movement	Assessment	Bakery	for	Children-2	(MABC-2)	used	as	
covariate	

•  Individuals	with	DCD	(current	N=6)	
–  performance	at	or	below	the	15th	percen>le	on	the	MABC-2	and	
impaired	motor	skills	as	assessed	by	parent	ques>onnaire		

–  no	first	degree	rela>ves	with	ASD,	no	current	or	previous	concerns	
about	an	ASD	diagnosis		

–  The	SRS-2	administered	to	assess	social	ability	and	used	as	a	covariate		
•  Age-	and	Gender-Matched	TD	Controls	(current	N=16)	

–  performance	at	or	above	the	25th	percen>le	on	the	MABC-2		
–  no	first	degree	rela>ves	with	ASD	or	DCD,	no	current	or	previous	
concerns	about	an	ASD	diagnosis,	and	a	score	of	T<60	on	the	SRS-2	



Movement	Assessment	Bakery	for	Children	-2	
(MABC-2)		

•  Manual	Dexterity	
–  Turning	Pegs	
–  Triangle	with	Nuts	
and	Bolts	

•  Aiming	and	Catching	
–  Catching	Ball	
–  Throwing	Ball	

•  Balance	
– Walking	Toe-to-Toe	
–  Hopping	
–  Balance	Board	



Social	Responsiveness	Scale	(SRS)	

Not	True,	Some>mes	True,	Ooen	True,	Almost	
Always	True	

1.  Avoids	eye	contact	tor	has	unusual	eye	contact	
2.  Recognizes	when	something	is	unfair	
3.  Thinks	or	talks	about	the	same	thing	over	and	

over		
4.  Is	regarded	by	other	children	as	odd	or	weird	



Study	Demographic	Informa>on		
Group	 Age	 Sex	 IQ	 MABC-2	 SRS	

TD	N=	16	 11.25	±	1.39	 4	female	 111.44	±	12	 11	±	1.75	 45.5	±	4.94	

ASD	N=	13	 11.05	±	1.68	 3	female	 98.62	±	24.38	 6.09	±	3.17	 76.54	±	8.22	

DCD	N=	6	 10.79	±	1.22	 1	female	 106.17	±	20.52	 4.67	±	1.36	 57.83	±	9.7	



Design	

•  Day	1:		Assessments	&	MRI	Desensi>za>on	
•  Day	2:	fMRI,	MRI	



fMRI	task	



fMRI	Task	





Task	Design	

3.75	s	

3.75	s	

15	s	

+	

+	

✚	

TR	=	2s	

 
Stimuli Conditions 
Emotional Faces 
Non Emotional Faces 
Hand Actions 
 
	
 

	
Ac#on	observa#on:	“watch	video”	
Imita#on:	“Imitate	what	you	see	the	actor	do”	

Video	Block	
	(4	videos)	

Res>ng		
		Block	



TD>ASD	

Deficit	in	IFG	in	children	with	ASD	
during	facial	observa>on	task	

Dapre3o	et	al.,	2006	



Can	we	replicate	deficit	in	IFG	in	kids	
with	ASD?	

IFG	

TD > ASD 

RH	



Predicted	Results	
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IFG	deficit	in	kids	with	ASD	during	
ac>on	observa>on	
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TD	and	DCD	compared	to	ASD		
show	more	ac>vity	in	frontal	motor	regions	

during	ac>on	observa>on	

TD	>	ASD	
DCD	>	ASD	
	



TD	and	DCD	compared	to	ASD		
show	more	ac>vity	in	frontal	motor	regions	

TD	>	ASD	
DCD	>	ASD	
	



What	about	for	imita>on?	



Imita>on:	Emo>onal	Faces	TD>ASD	

IFG	



IFG	deficit	in	ASD	and	DCD	during	
imita>on	
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Imita>on	Hand	Ac>ons:	TD,	ASD,	&	
DCD	
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Ac>vity	in	IFG	is	correlated	with	motor	
ability	during	imita>on	task	

Across	groups	r=.352,	p	=	.045	
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What	is	specific	for	emo>onal	
faces	in	ASD?	



For	children	with	ASD,	ac>vity	in	the	
rIFG	is	correlated	with	social	ability	
when	imita>ng	emo>onal	faces	

	

ASD	R=-.689,	p=.009	

Ac
>v
ity

	in
	R
ig
ht
	IF
Go

p	

SRS-2	Total	

40	
45	
50	
55	
60	
65	
70	
75	
80	
85	
90	

-0.5	 -0.3	 -0.1	 0.1	 0.3	 0.5	 0.7	

Imita>on	Task	

ASD	 Linear	(ASD)	



Moving	beyond	the	MNS	to		
Emo>on	Regions:	Right	Anterior	Insula	

hypoac>ve	in	ASD	

Di	Mar>no	et	al.	(2009):	across	24	studies	examining	social	processing	(e.g.,	face	
processing,	theory	of	mind)	aINS	consistently	showed	significant	hypoac>vity	in	ASD.	



Anterior	insula	ac>vity	during	
imita>on	is	correlated	with	both	social	
and	motor	ability	(SRS-2	/	MABC2)	

Correla>on	with	social	ability	(SRS2)	 Correla>on	with	motor	ability	(MABC2)	



Summary	

•  Motor	regions	are	less	ac>ve	in	ASD	during	
observa>on	and	imita>on	

•  During	imita>on,	ac>vity	in	motor	regions	
correlates	with	motor	ability	across	groups	

•  For	children	with	ASD,	during	imita>on,	ac>vity	in	
motor	regions	is	also	correlated	with	social	ability	

•  During	imita>on,	ac>vity	in	emo>on	regions	
(anterior	insula)	is	correlated	with	social	and	
motor	ability	



Future	Direc>ons	

•  More	subjects,	more	analyses	
•  Connec>vity	analyses	with	theory	of	mind	regions,	
other	emo>on	regions	

•  Analyze	structural	brain	data	
•  We	may	be	able	to	dis>nguish	subgroups	of	ASD	based	
on	motor	ability	

	

	
•  Could	offer	individualized	forms	of	imita>on	therapy	
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Imita>on	Therapy	

Long-term	Goal:	Individualize	therapy	for	those	with	imita;on	deficits	
Video	by	ATS	
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 Child fMRI Study at USC! 

We are looking for children DJH������\HDUV�ROG�who are:

3lease contact us at:
Chan.usc.edu/minds ~ AZLab@usc.edu ~ (424)�888-2543
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�� Typically developing

�� &OXPV\�RU�VWUXJJOLQJ�ZLWK�WKLQJV�OLNH�KDQGZULWLQJ�RU�VSRUWV

�� 'LDJQRVHG�ZLWK�Autism Spectrum Disorder�RU�Asperger’V

�� 'LDJQRVHG�ZLWK�'HYHORSPHQWDO�&RRUGLQDWLRQ�'LVRUGHU�Dyspraxia

Do	you	know	a	
child	who	would	
be	interested	in	
par=cipa=ng?		



Thank	you!	



Amygdala	


